Background: Low and deficient levels of vitamin A are common in low and middle income 25 countries where tuberculosis burden is high. We assessed the impact of baseline levels of 26 vitamins A and carotenoids on TB disease risk.
Introduction
β-cryptoxanthin, total lycopene, α-carotene, and total β-carotene) were measured by high-142 performance liquid chromatography [23] . The interassay coefficients of variation for retinol and 143 carotenoids were < 5%. We also measured levels of total 25-(OH)D with a commercial 144 competitive enzyme immunoassay kit (Immunodiagnostic Systems Inc., Fountain Hills, AZ). 145 The coefficient of variation at different levels of 25-(OH)D ranged from 4.6% to 8.7%.
146
Statistical Analysis 147 We defined vitamin A deficiency (VAD) as serum retinol < 200 µg/L (0.70 µmol/L) [24] 148 and vitamin D deficiency as serum 25-(OH)D < 50 nmol/L, insufficiency as 50-75 nmol/L and 149 sufficiency as > 75nmol/L [11, 25] . We calculated body mass index (BMI) as weight in kilograms 150 divided by square of height in meters. For children and adolescent HHCs < 20 years, we used 151 WHO age and gender-specific BMI z-scores tables to classify those with BMI z-score < -2 as 152 underweight and those with z-score >2 as overweight [26] . For adults ≥ 20 years, we classified 153 nutritional status as: underweight (BMI < 18.5 kg/m 2 ), normal (BMI 18.5-< 25 kg/m 2 ), and 154 overweight (BMI ≥ 25 kg/m 2 ). We classified HHCs as heavy drinkers if they drank ≥ 40g or ≥ 3 155 alcoholic drinks daily based on past year recall. We derived an SES score using principal 156 components analysis of housing asset index weighted by household size [27] . We considered assessed the impact of vitamin A deficiency on incident TB disease and examined the interaction 165 between vitamin A and D deficiency on TB disease risk. We stratified the final adjusted models 166 by age. Under our method of control selection, odds ratios approximate risk ratios because 167 secondary TB disease was relatively rare in this cohort [28] . 168 In sensitivity analyses, we stratified by baseline TB infection status and separately 169 restricted the analysis to cases (and their matched controls) diagnosed at least 90 days after index 170 patient enrollment. Finally, we repeated our analyses for cases ( (Table 2) . Although the pro-vitamin A carotenoids, β-182 cryptoxanthin, α-carotene, and β-carotene contribute to retinol levels, here we found they were 183 not correlated with measured retinol levels (R 0.04 to 0.10). To rule out the possibility that vitamin A deficiency in cases might have resulted from 237 metabolic derangements due to early active TB disease that was not clinically apparent, we 238 stratified by baseline infection status and found vitamin A levels remained strongly associated 239 with TB disease in both groups (Table 6 ). In a second sensitivity analysis in which we excluded 240 cases (and their matched controls) diagnosed within 90 days of index patient enrollment, 241 multivariable analysis also continued to show a strong inverse association between quartiles of 242 vitamin A and TB disease although the association with VAD was no longer statistically 243 significant (Table 6) . Restricting the analysis to microbiologically confirmed cases further strengthened the 254 association between vitamin A levels and TB disease (Table 7) . We were unable to stratify by 255 IPT use because few HHCs had received IPT. 
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